where the couplings J xy are independently chosen from a Gaussian distribution with mean zero and variance one, the sum is over only nearest neighbors on the d-dimensional cubic lattice, and the spins σ z = ±1.
These studies examined the ground states ±σ L and their low-energy excitations corresponding to the coupling realization J L inside cubes Λ L of side L, centered at the origin,
with periodic boundary conditions. Krzakala and Martin (KM) [1] , working in d = 3, forced a random pair of spins, σ z , σ z , to assume a relative orientation opposite to the one in σ L , and then relaxed the rest of the spins to a new lowest-energy configuration. This ensures that at least some bonds in the excited spin configuration, σ L , must be changed (i.e., satisfied ↔ unsatisfied) from σ L . It also ensures that the energy of σ L is no more than O (1) above that of σ L , regardless of L. Interestingly, rather than simply generating local droplet flips, the KM procedure was observed to yield large-scale (i. It is generally agreed [4] Questions have been raised over the correct interpretation of these numerical results [5] , and correspondingly whether KMPY excitations really exist in the spin glass phase [6, 7] .
We do not address these questions here. Rather, we take the point of view that if KMPY excitations do exist, then their physical meaning and implications for the low-temperature spin glass phase could be fundamentally important in the physics of disordered systems.
However, given the recentness of the discovery of KMPY excitations, their physical meaning and relevance remain unclear. By showing here rigorously that their interfaces cannot be pinned by the quenched disorder, we conclude that they cannot yield new ground or pure states. Such restrictions on their large-scale structure clarify the physical role they might play at low temperature T and provide general results on a type of ground and/or pure state multiplicity not heretofore investigated: the possibility in spin glasses of regional congruence [11] (see below).
Pinning. A crucial question about a new type of excitation is whether its boundary is
pinned . This has not yet been addressed for KMPY interfaces, to our knowledge.
To understand pinning in this context, consider at T = 0 an increasing sequence of Λ L 's.
For each L, use the procedures of [1] or [2] to create KMPY excitations; e.g. [2] , first generate the periodic boundary condition ground state σ L , and then add a bulk perturbation (Eq. (2) of [2] ) to the Hamiltonian to generate σ L , a perturbed ground state (i.e., an excited state for the original Hamiltonian). Then study the bonds x, y that obey
i.e., those that are satisfied in one state but not the other. The corresponding set of bonds 3 in the dual lattice comprises the finite-size "domain wall" (for that L) or interface of the excitation (i.e., the boundary of the set of spins that are flipped to go from σ L to σ L ).
By pinning we mean the following. Consider a fixed L 0 (which can be arbitrarily large).
, then the interface is pinned .
If the interface is not pinned, we say it "deflects to infinity". Here, for any fixed L 0 , the
(This is what occurs with interface ground states in disordered ferromagnets for small d [13] [14] [15] .) See Fig Scenarios. Assuming now that KMPY excitations do exist on at least small to moderate lengthscales, there are four possibilities for larger lengthscales. One is that the excitations disappear altogether, noted as a possibility in [2] . Of the three remaining (more interesting) scenarios, two have the KMPY interface pinned, and the third has it deflect to infinity. walls, see [16, 17] .) This interesting picture differs from previous proposals for the low-T spin glass phase, and would be the first example of regional congruence [11] in spin glasses. Which of these scenarios actually occurs was not addressed in [2] , although [3] as well as [8] implicitly or explicitly assume Scenario (1). Determining which occurs is crucial to understanding the role of these excitations in the spin glass phase.
We now prove that KMPY excitations cannot be pinned by the quenched disorder, ruling out Scenarios (1) and (2) . (A heuristic argument against Scenario (1) was presented in [18] .) The remaining possibility (in which KMPY excitations persist on all lengthscales) is Scenario (3), where they deflect to infinity. Before presenting our theorem, we introduce the concept of metastate, which is implicit in the theorem and useful for understanding its applications. For the coming theorem, we extend the notion of metastate to uniform perturbation 
. Then for almost every (J , σ, σ ) either σ = ±σ or else σ and σ have a relative interface of strictly positive density.
is for every L invariant under torus translations, any limiting distribution κ of (J , σ, σ ) is invariant under all translations
of the infinite-volume cubic lattice. The translation-invariance of κ allows its decomposition into components in which translation-ergodicity holds (see, e.g., [21, 23] ). For each bond
x, y consider the event A x,y that x, y is satisfied in one but not the other of σ, σ . In each ergodic component, either the probability of A x,y equals zero and then there is no interface (i.e., σ = ±σ) or else it equals some ρ > 0. In the latter case, by the spatial ergodic theorem (see, e.g., [21, 23] ) the spatial density of x, y 's such that A x,y occurs must equal ρ, i.e., the (σ, σ ) interface has a nonzero density. Thus there is zero probability (with respect to κ) of a (J , σ, σ ) such that there is a σ, σ interface, but with zero density. 2) Although the theorem as formulated here addresses ground and excited states at T = 0, it should be extendable to pure states at (low) T > 0 by "pruning" small thermally induced droplets.
3) Although our construction used periodic boundary conditions (both for simplicity and because KM and PY used them), the theorem can be applied to other boundary conditions chosen independently of the couplings (as in [17] , to which we refer the reader for details).
4) Although our focus here is on spin glasses, the theorem applies equally to many other systems, including disordered and homogeneous ferromagnets.
Application to KMPY excitations. An immediate application of the theorem is that KMPY excitations cannot be pinned, and so cannot give rise to (regionally congruent) ground states. To see that the theorem applies to the PY construction, note first that the periodic boundary condition clearly implies torus translation invariance for the distribution
translation-covariant way, and thus the distribution of ( But in a spin glass, they are now gauge-equivalent to boundary conditions that are both translation-covariant and coupling-independent.
But now conclusions beyond those of [16, 17] follow from the theorem, because in addition regional congruence cannot arise through any translation-covariant construction. A consequence is that any algorithm of the types currently known cannot yield regionally congruent states. The KM and PY procedures typify two main approaches in the search for new excitations and/or states, given that a priori the interface location is unknown: either a uniformly random sampling procedure (KM) or else a global perturbation (PY) (or similar coupling to a carefully chosen external field). Although the latter approach is coupling-dependent, it is also translation-covariant and so cannot generate regional congruence. One method that could find regional congruence, if it occurs, is an exhaustive search through all 2 O(L d−1 ) fixed boundary conditions on Λ L for each L; but that is hardly an option.
We conclude by noting that the order one energy difference of σ, σ plays no role in our theorem, which in fact has far wider applicability. Only one of its applications is to KMPY excitations, but these have generated interest because both θ = 0 and d s < d. However, the order one energy does play a crucial role in our earlier heuristic argument [18] , which we briefly summarize (and slightly extend) here. It was conjectured [26] and subsequently proved [27] (also [28] ) that free energy fluctuations in spin glasses with coupling-independent boundary conditions on Λ L scale as L θ , with θ ≤ (d − 1)/2. It should then follow that the exponent θ r characterizing interface energies for regionally congruent states satisfies the bound θ r > θ (as argued in [28] [29] [30] ) because otherwise regional congruence could be seen with coupling-independent boundary conditions. So pinned interfaces with d s < d (hence regionally congruent states) must have θ r > θ; if the latter inequality is violated, as in KMPY excitations, then the interface should deflect to infinity.
